Gadolinium molybdate was twinned by irradiating the crystals for a few seconds with a 10.6/~m CO2 laser. Slit-shaped regions were irradiated to produce localized heating, thereby setting up suitably oriented thermal stresses of sufficient size to induce mechanical twinning. Ferroelastic twin patterns are difficult to control by this method because the required slit orientations are not parallel to domain-wall directions.
orientation states, and if it can be reproducibly transformed from one state to another by a mechanical stress (Aizu, 1969) . The structure of a ferroelastic crystal is slightly distorted from a more symmetric prototype structure, the distortion being typically of the order of parts per thousand. Domain-wall motion takes place under mechanical stress as the crystallographic distortion (or spontaneous strain) is reoriented to an alternative crystallographic direction. When heated, most ferroelastics undergo a phase transformation from the ferroelastic phase to the prototype phase.
In this paper we demonstrate that ferroelastic twins can be induced in gadolinium molybdate by localized laser heating. When irradiated, the heated region attempts to expand but is clamped by the cooler material around it, setting up thermal stresses. The experiments described here are an outgrowth of some earlier work on quartz (Anderson, Newnham, Cross & Laughner, 1976) in which ferrobielastic twin patterns were produced in X, AT, and DT cuts by localized laser heating with the 10.6 /~m wavelength of a CO2 laser. The twins in quartz are sufficiently reproducible to be of interest in domain-divided piezoelectric devices (Newnham, Miller, Cross & Cline, 1975) , and led us to hope that similar results could be achieved with ferroelastic solids. As might have been anticipated, however, the restrictions on domain-wall orientations in ferroelastics severely limit the domain patterns which can be produced.
Ferroelasticity was first observed in gadolinium molybdate by Kumada, Yumoto & Ashida (1970) . Measurements on single crystals gave square hysteresis loops characterized by a spontaneous strain of 0-157/o and a coercive stress of 1.5 kg cm -2. At room temperature fl-Gdz(MoO4)3 has four molecules in the orthorhombic unit cell with a=10.388, b= 10.419, c= 10.701 A and belongs to space group Pba2.
Above the phase transition at 160°C, the symmetry is tetragonal with two molecules in a unit cell measuring a = 7.393, c= 10.670 A and belongs to space group P742m. The spontaneous strain in the orthorhombic state is (b -a)/(b + a) =0.00158. A compressive stress along [010] induces domainwall motion, interchanging the a and b axes. The atomic displacements which accompany the switching are all less than 0.5 A (Jeitschko, 1972) .
Gadolinium molybdate crystals grown by the Czochralski method were cut into plates 1-2 mm thick with a string saw, ground with alumina abrasive, and polished with diamond paste. The plates were examined for twinning in a polarizing microscope with a mica plate used to determine the fast and slow directions (na > rib).
Thermal-expansion coefficients of gadolinium molybdate at room temperature are %=18-3 x 10 -~, :tb=16"7x 10-6 and ctc= -4.7 x 10 -6 °C-1 (Kobayashi, Sato & Nakamura, 1972) . The critical parameter is ~b since thermal expansion along b causes compressive stresses to develop in the heated region, which promote ferroelastic switching.
Untwinned gadolinium molybdate plates were irradiated with a CO2 laser at room temperature (23 -C) where domain walls are easily moved by mechanical stress. The specimens were c-cut plates in which the orthorhombic a and b directions were located using a mica plate and a polarizing microscope. Sample dimensions were 0-2 to 0-3 cm in the plane of the plate and 0.1 cm thick. They were irradiated through an elongated slit 0.015 cm in width oriented along the a axis. Twins began to appear when the plates were exposed for one second to 1.1 W of beam power. The samples were irradiated on all sides with several slit orientations, but at this power level domains were produced only on the (001) face with the slit parallel to [100] . With the slit in this orientation, thermal stresses develop mainly along [010], thus compressing the longer b axis to produce switching.
Samples were used several times in the experiments since twins could be removed by applying pressure with a pair of forceps. In some cases, domains could also be annihilated by submerging the plates in water, thereby neutralizing ferroelectric charges built up on the surface. This worked well if the domains did not extend entirely across the crystal. Fig. l(a) and (b) show two samples irradiated at different intensities with the slit parallel to a. Domain walls are parallel to (110) or (]-10), though the two never cross. In a ferroelastic, the domain walls are oriented in such a way as to maintain strain compatibility between adjacent domains. When referred to the orthorhombic unit cell, domain walls in gadolinium molybdate are parallel to (110) or (il0). Fig. l(a) shows a striped twin pattern in which the domains extend from one side of the crystal to the other. This type of pattern remains fixed after irradiation until the crystal is restressed. In patterns such as Fig. l(b) , where the twins do not traverse the specimen, the laser-induced twins often backswitch within a few minutes. Few of the twin patterns showed any obvious relation to the exposed area. The twins appear to be irregularly spaced as they nucleate at random within the heated region and then elongate along the (110) or (110) Fig. 1. (a) A c plate of gadolinium molybdate containing stripe domains produced by laser irradiation for two seconds at 1.1 W. The elongated area of irradiation was oriented along [100] to provide thermal stresses parallel to [010] . Domain walls emanating from the heated region run parallel to (110) and completely traverse the specimen, making them stable with respect to time. (b) Another e plate with unstable twins emanating from the heated region and oriented parallel to both (1 I0) and (i10), the two strain-compensated wall orientations. Domains of this type are easily eliminated by submerging the crystal in water. Laser exposure was two seconds at 0.9 watts. Slight changes in slit orientation produce pronounced variations in the domain pattern, causing (110) walls to predominate over (i-10) or vice versa. Seldom is the pattern symmetric as shown here. Crossed nicols. Magnification 30 x.
The spike-like twins in gadolinium molybdate are not impressive when compared with the Dauphin6 twin patterns in ferrobielastic quartz produced with a similar experimental arrangement (Anderson et al., 1976) . The domain patterns induced in single crystals of synthetic quartz are considerably larger with characteristic shapes depending on the cut, the slit direction, and the beam intensity. The situation is very different in ferroelastic gadolinium molybdate where the domains are small and appear to nucleate at random within the heated region. The experiments were a disappointment from the practical point of view since we had hoped to install tailored domain patterns by localized thermal stresses.
The difficulty with laser-induced twinning in ferroelastics is that the orientation of the heated stripe does not coincide with the domain-wall orientation. It is impossible to make the boundary of the heated region parallel to the domain wall because its orientation is fixed by the desired stress component. In the case of gadolinium molybdate, a compressive stress (--0"22) normal to (010) is needed to switch domains; hence the laser slit must be oriented normal to [010] . On the other hand, the domain walls are parallel to (110) and (li0), both of which are at 45 ° to the stress direction. As a result, the domains nucleate within the heated region normal to [010] , but then move out in the [110] or [1]-0] directions, giving a rather haphazard domain pattern. The problem appears to be rather general for thermally switched ferroelastics, where switching stresses must be applied in the direction of maximum strain difference between domains and where domain walls are oriented along planes of minimum (zero) strain difference. The problem is not as serious in ferrobielastic quartz, because domain-wall orientations in secondary ferroics are not as firmly fixed.
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